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Abstract
This article presents the results of the zooarchaeological analysis of an assemblage dating to the second quarter of the 16th
century that was discovered on the current university campus of Cartuja, on the outskirts of Granada (Andalusia, Spain). During
the Middle Ages, this area was largely used for agricultural purposes, including as estates owned by high officials of the Nasrid
dynasty, the last Islamicate polity in the Iberian Peninsula. The Castilian conquest of Granada in 1492 brought significant
changes to the area, with the construction of a Carthusian monastery and the transformation of the surrounding landscape,
including changes in property structures, different agrarian regimes and the demolition of pre-existing structures. Among these
transformations was the filling up of a well with construction materials, and its further use as a rubbish dump. This fill yielded an
interesting and unique zooarchaeological assemblage, the study of which is presented here. The results advance our understand-
ing of changing patterns in animal consumption during the formative transition from theMiddle Ages to the EarlyModern period
at the heart of the former Nasrid Kingdom of Granada, and indicate the continuity of some Andalusi consumption patterns along
with specialised production and distribution systems of meat products that have no archaeological precedent in the region,
suggesting that the bones were dumped by a possible ‘Morisco’ community (autochthonous Muslims forced to convert to
Christianity in 1502).
Keywords EarlyModern period . Zooarchaeology .Meat consumption . Identity . Crypto-Muslim
Historical context: from the Aynadamar
estate to the university campus of Cartuja
Development works undertaken between 2013 and 2015 to re-
urbanise the university campus of Cartuja, to the north of
Granada’s historical centre (Fig. 1), resulted in a complex
archaeological project that included watching briefs and strat-
igraphic excavation, ranging from small sondages to large-
scale trenches (García-Contreras and Moreno-Pérez 2016,
2020). These investigations and the analysis of the associated
materials enabled the archaeological sequence of this subur-
ban area to be characterised (García-Contreras and Moreno-
Pérez 2017).
The area currently occupied by the university campus of
Cartuja must be regarded as a single multi-phase site with
remains dating as far back as the Neolithic (Moreno-Pérez
2011, 2020). There was also a significant Roman industrial
presence, including a major pottery kiln, but no domestic
structures (Moreno-Pérez and Orfila 2017; Moreno-Pérez
and Villarino 2017; Sánchez 2020), after which there was
small early medieval hamlet and a necropolis that was aban-
doned in the 9th century (Román 2014, 2020; Román and
Carvajal 2018). There is also evidence of intense occupation
during the Nasrid period (13th century onwards), including
the construction of houses and vegetable gardens. The area
was known as the ‘estate of Aynadamar’, after the acequia
(watercourse) built in the 11th century to supply water to the
original urban nucleus of Granada, the Albaicín (Barrios
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1985; García-Contreras, in press; García-Contreras et al.
2017; Trillo 2003). There are few written references to this
estate, other than Ibn Batutta’s and Ibn al-Jatib’s hyperbolic
descriptions of the beauty of a hill covered in gardens and
palatial houses (Cabanelas 1979; Tito 2018).
This landscape changed radically after the Castilian con-
quest in 1492, when the area was progressively acquired by
Christian colonists, Italian merchants and, especially, the
Carthusian Order, which built a church and a monastery and
enclosed all their properties in the area, which began to be
known as Cercado de Cartuja (Almagro 2010; Díaz 2019;
López and Díez 2017; Rodríguez 2005; Torres 2007; Turatti
et al. 2016). It is within the context of these changes that the
most detailed descriptions of the previous Nasrid landscape
are to be found. The written records note that cármenes—a
type of suburban property comprising of a house and agricul-
tural land—were the most common type of property, although
not the only one, as these coexisted with almunias, large prop-
erties owned by the Nasrid elite for both recreational and
production purposes (Boloix 2018; García-Contreras 2020;
García-Contreras et al. 2020; Moreno-Pérez 2020; Román
2020; Tito 2018; Trillo 2018). The Libro de Apeo de Aguas
de Aynadamar, dated to 1575, defines ‘carmen’ as an agricul-
tural suburban property, used for both irrigation and dry-land
agriculture, between 1/3 and 2/3 ha in size, which sometimes
included a house, a cistern and a waterwheel, and which was
often planted with vines (both, decorative and productive),
which is the origin of the name: karm in Arabic (pl. kurūm),
meaning ‘house with vines’ (Boloix 2018: 465; Corriente
1997: 459). Their owners had different social and economic
backgrounds, at least according to the Castilian sources, but
they seem to have mostly been artisans and merchants whose
main residences were inside the city (Barrios 1985: passim;
Torres 2007: passim).
Some of these owners and their descendants continued
holding property in Aynadamar after the conquest.
Mudéjares (Muslims under Christian rule) and, later,
Moriscos (former Muslims forced to convert to Catholicism)
inhabited and exploited some of these cármenes, as indicated
by Christian documents dated to the 16th century: for in-
stance, those written by the Carthusians during the process
that led to the acquisition of the land for their monastery
(Torres 2007) or the above-noted Apeo, dated to 1573
(Barrios 1985: 33-34; López and Díez 2017; Trillo 2018:
586). The documents mention the previous owners—mostly
expelled Moriscos—and sometimes their professions (sandal
makers, chair makers, bricklayers, dyers, etc.) as well as the
fact that many lived in the city. To mention only two exam-
ples: in 1516, the Carthusians bought ‘a vine and a haça of
land and all that is contained in eightmarjales, more or less, in
the estate of Aynadamar’ from a Françisco Ximenez (formerly
known by the Muslim name Abulcaçin Mofadaen) (Torres
2007: 58). In 1530, the monks bought from ‘Hernando
Abendono, a merchant in Granada, parish of Sant Saluador,
and his wife, a viña carmen inclusive of house and trees and
three cisterns of up to thirteenmarjales, water being contained
in a well at the entrance of the estate’ (Torres 2007: 80).
At the end of the Early Modern period, during the 19th
century, the properties of Cartuja were bought by the
Society of Jesus in the aftermath of the confiscation of mort-
mains and the dissolution of the Carthusian monastery. This
period was characterised by the construction of the imposing
Fig. 1 In red, the area investigated in 2013–2015 (García-Contreras and Moreno-Pérez 2016). The black rectangle indicates the location of the well
rubbish dump
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seminary known as Colegio Máximo de Cartuja (Barrios
1998: 523-527). Finally, during the 1970s, this area became
the university campus of Cartuja, University of Granada (Isac
2007: 122-128, 2017).
The recent archaeological investigations included the exca-
vation of a medieval well that was reused as a rubbish pit
during the early years of the 16th century. As we shall argue
in this paper, the stratified deposits in the well contains un-
usual evidence of the transition from the Nasrid to the
Castilian period, when this suburban area was, according to
written sources, largely occupied by a social group comprising
of former Muslims known in historiography as Moriscos.
Archaeological context: the formation
of a rubbish dump during the early years
of the Early Modern period
The re-urbanisation work undertaken on the university cam-
pus of Cartuja was accompanied by the opening of various
sondages in those areas where the construction of new roads
had the potential to affect archaeological remains. One of
these trenches resulted in the discovery of the well rubbish
dump, the excavation of which led to the recovery of the
animal bone assemblage presented in this paper. The well is
located on a rocky outcrop immediately to the west of the
current Faculty of Philosophy and Humanities, and which
was partially broken up to make way for the new roads and
parking area. Since in some areas the natural geological level
was visible on the surface and no previous archaeological
remains had been reported, only a small number of trenches
(numbered 21.000 to 29.000) were considered necessary.
They were stratigraphically excavated (Fig. 2) and were ex-
tended where necessary in order to ascertain the relationship
between the different identified features (some soundings
were even linked by larger excavation trenches, e.g. 23.000
and 24.000).
The excavation revealed the presence of multiple medieval
and modern features, especially at the bottom and to the west
of the promontory. After the topsoil was removed by mechan-
ical means, the whole area was stratigraphically excavated,
which involved merging trenches 23.000, 24.000, 27.000
and 28.000 into a single trench following the cumulative-
areas approach (Carver 2009: 225). This added a horizontal
perspective to the vertical stratigraphic sequence generated by
the trenches, leading to the identification of a series of positive
and negative features, two of which are of special interest for
the purposes of this article (Fig. 3).
The first of these two features, documented in trench
29.000, was identified as a Nasrid domestic structure, which
had been partially destroyed by a 19th-century road and com-
prised at least one room, an open courtyard paved with bricks
and another small room with a small hearth. The house seems
to have been occupied between the mid-14th century and the
mid-16th century, and was abandoned when the surrounding
agricultural area was reorganised (García-Contreras et al.
2020).
The second structure was found in trench 24.000 (later
merged with others in a larger excavation area), a few metres
to the west of this house. As such, it must be considered in
relation to the house and other features found in the area,
which are characteristic of a late medieval agricultural com-
plex (including agricultural terraces, tree pits and water chan-
nels). These features were overlaid in the mid-16th century by
more recent features, including a perimeter wall and a possible
pen. The earlier features include a hydraulic structure (E4-2)
and a trench (SU 24.023) truncated by a step-like cut (SU
24.033), inside which was found a well (SU 24.029) dated
to the Nasrid period. All this roughly quadrangular pit is di-
rectly cut into the geological layers. After being used to draw
water for some time, the well was filled up with a dump of
soil, pottery, construction materials and the animal bones pre-
sented below. The sequence of fillings of this large hole in the
rock starts with a reused architectural piece (SU 24.028) iden-
tified as a piece of vaulting in the Gothic style, which has
played a key role in defining the chronology of the deposit
that was dumped over it, as discussed further below
(Villarino et al. 2016). The interstices between this architec-
tural block and the well edges were filled with a number of
shapeless blocks of bedrock, a kind of local conglomerate,
along with smaller architectural pieces. After that, various soil
deposits were identified: The first layer to be documented (SU
24.026) was constituted of loose dark brown soil sitting di-
rectly on SU 24.028 and filling up SU 24.027 (maximum
depth 0.52 m). Overlaying this layer is SU 24.020, which
has yielded the most material; it is constituted of fine, loose
soil which is orangey in colour. This layer is found over the
whole of trench SU 24.023, filling it up completely to the top
of the fill on the western end of the feature, with a maximum
depth of 0.68 m. Like the pottery, animal bones are also
scattered all over the layer, but a significant concentration
was attested near the top of the fill, in the central area. Two
units alternating with SU 24.023 demonstrate the synchronic
nature of the fill: SU 24.024 is a layer of organic soil, greyish
brown in colour, rich in pebbles and construction materials,
which forms a wedge along the western wall of 24.023, rising
towards the SE corner. Based on the pottery, this unit is con-
temporary with SU 24.020, and some fragments discovered in
both units have been found to match. SU 24.025 is a wedge-
shaped unit immediately beneath SU 24.024 and over SU
24.020; it is smaller than 24.024 (0.93 m long) and is located
in the NW area of trench 24.023. It is constituted of dark grey
organic soil with abundant remains of charcoal, bones and a
pottery assemblage that is equivalent to the ones in the other
units. The top layer of the sequence is SU 24.021, a wedge-
shaped unit abutting the NE wall of trench 24.023. It partially
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overlays SU 24.020 at the NE end of the dump, and is consti-
tuted by a compact greyish beige soil with abundant stones
and pebbles—some of which have somemortar attached. This
layer is the poorest unit in terms of finds. Overlaying these
units is SU 24.018, a wedge-shaped unit that directly abuts SU
24.020 and 24.021, as well as SU 24.023 to the west. The
presence of small- and mid-sized pebbles and abundant brick
and large pottery fragments suggests that this layer may have
Fig. 2 Topography of the rocky
outcrop on which the well rubbish
dump was identified. The black
line marks the course of the
projected road. The green frames
indicate the initial trenches
opened in 2013. The areas in red
indicate the extensive excavations
undertaken in 2015 (García-
Contreras and Moreno-Pérez
2016)
Fig. 3 Archaeological plan of the excavated area. The black arrow indicates the location of the well rubbish dump. The red box, enlarged on the right
side, represents the floor plan of a Nasrid (mid 14th-mid 16th c.) domestic structure
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originated from a pavement situated immediately above and
1.10 m to the east of the trench; these pebbles and fragments
may have been washed down the slope by erosive processes.
Finally, the whole area is covered by SU 24.005, a layer of
agricultural topsoil with a maximum depth of 0.59 m. The
stratigraphic sequence could be examined in detail in Figs. 4
and 5 and in previous publications (García-Contreras and
Moreno-Pérez 2016; Villarino 2015; Villarino et al. 2016).
Based on this archaeological sequence, we argue that the
deposit in which the zooarchaeological assemblage was found
was a dump used to seal the hydraulic structure around the
second quarter of the 16th century. The presence of wedged
layers and pottery fragments that belong to the same vases in
different units, as well as the highly fragmented state of the
pottery (Villarino 2015), suggests that it was dumped in a
single episode. Also, Nasrid ceramic typologies are well
known and can be precisely dated (see bibliography in
Villarino 2015). The types present range in the fill date from
the late 13th to the late 15th century, but the presence of
certain types such as the two-foil lipped saucepans suggests
a predominant date late in the 15th century (Fig. 6). Finally, as
noted, the construction materials used to seal the well include
a Gothic vault piece that must have been used in the construc-
tion of the earlier phase of the Carthusian monastery, the so-
called Cartuja Vieja, between 1513 and 1515. These works
were left unfinished, and soon afterwards, the Carthusians
chose a different location for their monastery, a few hundred
metres to the west, where in 1519 they began work on the
Monastery of the Assumption, which is still standing (Diaz
2019). The unfinished monastery (chapel and provisional
dwellings) was dismantled, and the land was broken up for
cultivation. The materials were reused in other constructions,
including perimeter walls and bridges, and also, it seems, as
seals in existing wells (Villarino et al. 2016). This architectural
piece provides a post quem date for the whole sequence, since
the assemblage above it is constituted of animal bones and late
Nasrid, but no early Castilian, ceramics (no dishes or bowls
have been found). As such, it is likely that the sequence was
formed no earlier than 1519 and no later than 1550, when this
fill was sealed off by later layers. Furthermore, the
Ordenanzas de Granada council regulations of 1544 ordered
all wells to be sealed off with debris, manure and rubbish,
forbidding rubbish being dumped inside the city or near the
walls, but not on the outskirts, for instance outside the gate of
Elvira, where the Cartuja site is located (Ordenanzas 1552:
190-191).
Therefore, the sequence presents ideal archaeological con-
ditions: it is spatially and chronologically defined (it was to-
tally sealed by later deposits), it has been excavated in its
entirety, and the relationships with the surrounding elements
both nearby (García-Contreras et al. 2020) and in the wider
landscape (García-Contreras, in press; García-Contreras et al.
Fig. 4 Lateral section of the
well’s stratigraphic sequence.
Drawing by S. Moreno and E.
Villarino, included in García-
Contreras and Moreno-Pérez
2016, originally published in
Villarino 2015
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2017) are clear. For these reasons, the archaeological integrity
of this assemblage enables new light to be shed on key aspects
of everyday life on the outskirts of the city of Granada during
the transitional period from Nasrid to Castilian rule, which
saw eventual imposition of new social and religious norms.
Fig. 5 Excavation sequence of
the well rubbish dump E4-2
Fig. 6 Potteries recovered from the well rubbish dump. On the left,
selection of tableware, lighting, complementary use and recreational
use. In the centre, a selection of ceramic for cooking and multiple uses.
On the right, a selection of ceramics for storage, transport and
conservation as well as fire containers or portable stoves (after Villarino
2015)
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Zooarchaeological study
Methodology
The methodology and techniques used in this study are ex-
plained in detail in García-García (2019) and can be
summarised as follows:
Excavation All the bones analysed were excavated manually.
As is common in rescue excavations, the investigation was
limited in terms of both time and resources. Often, this limi-
tation directly affects the recovery of smaller bone fragments
and those belonging to smaller species, such as small mam-
mals, birds, amphibians and fish (Clason and Prummel 1977;
O’Connor 2001; Payne 1972, 1975); in this case, it was es-
sential to calculate the recovery rate of the assemblage. This
was undertaken by observing the frequency of certain caprine
bones (the most abundant taxonomic group) of different sizes
located close to one another in near anatomical position
(Maltby 2010).
Identification Where possible, all the remains were identified
anatomically and taxonomically with the aid of our own ref-
erence collection. The greatest challenge was to distinguish
between sheep (Ovis aries) and goat (Capra hircus), for which
Boessneck’s (1969) and Zeder and Lapham’s (2010), among
other criteria, were used.
Recording All remains were divided into two main groups:
identified remains (NISP) and non-identified remains. The
first category includes remains that can be regarded as ac-
countable based on an adaptation of Davis’ (1992) protocols,
being the main quantitative measure used. Non-identified
fragments mostly belong to skull bones, non-identifiable long
bones (chiefly the central diaphysis), flat bones such as the
scapula (except the glenoid cavity/neck) and the pelvis (except
the acetabulum), vertebrae (except the atlas and the axis), ribs,
and bone splinters.
Quantification The quantitative analysis is largely based on
the Number of Identified Specimens (NISP) (accountable re-
mains). Given that, as we shall see, the results suggest that the
bones analysed reached the contexts as joints of meat rather
than as whole carcasses, the Minimum Number of Individuals
(MNI) was not considered a valid estimation in this case.
Accordingly, the NISP was used as the key variable for quan-
tifying the assemblage, and the baseline for calculating the
remaining analytical parameters.
Slaughter age As a result of the taxonomic and anatomical
nature of the sample, especially the absence of mandibles, it
was only possible to determine the slaughter age of caprines.
This was done by examining the fusion of long bones: only
epiphyses with fully formed spiculae along the surface of the
epiphysis were regarded as fused. Four categories were creat-
ed: ‘fused epiphysis’, ‘epiphysis in the process of fusing’,
‘non-fused epiphysis’ and ‘non-fused metaphysis’. These cat-
egories were quantified following O’Connor (1989a) and
Silver (1969).
Anatomical distribution The quantification of bones belong-
ing to different body parts was carried out following
O’Connor (2000, 2003), with the methodological modifica-
tions presented in García-García (2019), which enabled com-
pletion of an arithmetically objective quantification of
significantly under- and over-represented body parts.
Carcass processing The bones presented abundant butchery
marks, which were carefully recorded. All marks identified
in post-cranial bones were marked on templates and counted.
Their basic features (chop, cut), position on the bone (medial,
joint or both) and possible aim (quartering, fleshing, extrac-
tion of internal nutrients) were also recorded (Binford 1981).
Biometric analysis Biometric analysis was limited to the mor-
phometric characterisation of sheep post-cranial bones using
the log-ratio technique (Meadow 1999; Simpson et al. 1960),
using as the standard the 15th-16th century sample from The
Shires, UK (Grau andAlbarella 2019). Only onemeasurement
per axis and per bone was taken for bones with less evidence
of sexual dimorphism and post-fusion growth (Popkin et al.
2012). The small body of evidence available for some ana-
tomical planes (< 30 measurements) necessitated, against
Davis’ (1996) advice, to take into consideration the width
and depth in combination.
In order to assess the size and shape of ovine bones in
Cartuja, these measurements were compared with those taken
in madīnat Ilbīra (Granada, 9th-11th century), Cercadilla
(Córdoba, 10th–11th century) (both in García-García 2019),
and with measurements taken in several Basque sites dated to
the 15th–18th century and analysed by Grau (2020).
Comparison with Ilbīra and Córdoba is justified on the basis
of geographical proximity, and the Basque material is the only
comparable assemblage (in terms of composition and chronol-
ogy) available to date in the Iberian Peninsula.
The statistical significance of the biometric data drawn
from Cartuja and the assemblages used for comparison was
calculated using Mann-Whitney’s nonparametric U test, with
Bonferroni’s corrections, owing to their different size, and the
non-normal distribution of the eight samples with Shapiro-
Wilk’s normality test (p ≦ 0.05).
Provenance
Owing to the nature of the archaeological context, this sample
is of enormous interest from a zooarchaeological perspective.
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It comes from a well-contextualised negative unit that is easy
to understand from a functional perspective and free from
contamination in the form of residual material (Albarella
2015; Moreno-García 2013) (Fig. 7). Therefore, the context
from which the material comes enable the bone assemblage to
be clearly connected with a specific chronological and cultural
context.
Description of sample and taphonomic considerations
The assemblage comprises 533 fragments, 346 (65%) of
which could be identified to species (NISP). Although this
does not seem a large sample in absolute terms, it is worth
emphasising that the archaeological provenance of the deposit
and the good state of preservation of the bones (see below)
make it more representative than the overall figures would
suggest.
Given that the bone remains which are the subject of this
study were collected manually, it is to be expected that larger
bones are over-represented. In order to estimate this bias, the
number of remains corresponding to a series of post-cranial
caprine bones that are anatomically close were compared.
Owing to the small number of teeth, metapodial bones and
phalanxes found (vid. infra), this calculation was based on the
calcaneus (CA) and the astragalus (AS) alone, compared with
distal tibiae (Td); theoretically, there should be one CA and
one AS per Td. As presented in Table 1, the loss rate of CA+
AS is 19%, reflecting a fair recovery rate.
On the other hand, taphonomic processes, which can also
have an effect on the preservation of bone remains, are negli-
gible. Bone surfaces present a good state of preservation: 90%
of the fragments preserved the bone cortex intact, and in only
3% was it found to be severely altered (Fig. 8). Similarly, the
presence of teeth marks corresponding to commensal
animals—generally attributed to dogs after the bones were
disposed of but before their final deposition—is extremely
low, as is that of thermo-altered bones.
This suggests that the level of preservation of the material
is good, and that biostratinomic and diagenetic processes have
had little impact on the assemblage. Therefore, following
Villarino’s (2015) conclusions about the ceramics, the
archaeofaunal sample can be regarded as a primary deposit
(sensu Schiffer 1983)—that is, that the bones were found
where they were originally buried (Albarella 2015)—or, alter-
natively, that the time lapse between the time when they were
originally disposed of and the final burial was very short. We
thus presume that the information yielded by the assemblage
offers reliable evidence concerning the dietary habits of the
period in which the fill was deposited.
Results
Taxonomic composition
The bone assemblage is exclusively constituted by mammals.
In fact, 95% of it comprises remains of sheep (Ovis aries) and
goats (Capra hircus) and remains that could only be identified
to the subfamily level as Caprinae (sheep/goat) (Table 2 and
Fig. 9). Among those that could be identified to the species
Fig. 7 Excavation of SU 24020.
The concentration of animal
bones, which are the subject of
this study, can be clearly
appreciated
Table 1 Estimated loss
rate of smaller caprine
bones (calcaneus [CA]
and astragals [AS]) in
relation to larger adjacent





Loss CA+AS (%) 19
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level, sheep are more abundant than goats in a proportion of
10.2:1, and so we suggest that the non-identifiedCaprinae are
largely also sheep remains. This is thus the most represented
species by a large margin.
In addition to this, the only species identified is Bos taurus
(NISP = 19), but the small number of remains is not represen-
tative for most of the analytical parameters examined in this
study.
Anatomical distribution
Owing to the taxonomic distribution, only the anatomical dis-
tribution of Caprinae can be analysed. Sheep, goat and non-
determined Caprinae remains are considered jointly.
Before going into the matter in more detail, it is worth
emphasising the good state of preservation of the assemblage,
as demonstrated by the frequency of bone remains of little
structural density (Symmons 2004, 2005), such as the distal
radius, the proximal and distal femur, and the proximal tibia.
In contrast, structurally dense elements, such as the mandible,
the teeth, the glenoid cavity and the neck of the scapula, the
proximal metapodial bones, and the acetabulum of the pelvis,
are under-represented (Fig. 10). This distribution suggests that
the anatomical distribution is largely the result of pre-
depositional human handling of the remains, and that tapho-
nomic processes have had little effect on the assemblage.
As illustrated in Fig. 10, the most abundant bones in the
sample are the humerus, the radius, the femur and the tibia,
which suggests a well-defined pattern dominated by the mid-
dle area of both front and rear limbs. Therefore, apart from the
scapula and the pelvis, the assemblage is dominated by bones
from the most meat-rich areas of the animal. Also, of note is
the scarcity of elements which are generally discarded in the
first stages of butchering (metapodial bones and phalanxes)
and the cranial region.
Slaughter patterns
The absence of mandibular bones limits the analysis of the
slaughter age to the fusion of post-cranial epiphyses, which
is problematic owing to the limited analytical resolution that
this method affords (O’Connor 2006; Ruscillo 2014). The
remains of sheep, goats and Caprinae were analysed jointly.
Although considering all taxa as a single group makes it dif-
ficult to outline different management strategies, it is worth
remembering that the assemblage is overwhelmingly domi-
nated by sheep remains, and it can thus be assumed that the
evidence represents husbandry practices related to this
species.
The fusion curve indicates that most bones belong to adult
individuals, well over 2 years of age: barely 14% of the re-
mains presented non-fused epiphyses and thus belong to
osteologically immature individuals (Table 3 and Fig. 11).
Although the small number and fragmentary state of pelvic
bones made it impossible to ascertain the sex of these animals,
Fig. 8 Evidence for taphonomic
processes (%NISP)
Table 2 Absolute and relative frequency of animal species identified
(NISP). The category ‘(OVA+CAH+OVA/CAH)’ includes all remains
identified at the species and subfamily level (Caprinae), and so these
values (between brackets) are not included in the overall quantification
Taxa NISP %
Sheep Ovis aries 102 29
Goat Capra hircus 10 3
Caprinae Ovis/Capra 215 62
(OVA+CAH+OVA/CAH) (327) (95)
Cattle Bos taurus 19 5
Total 346 100
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Fig. 9 Absolute and relative
frequency of the animal species
identified (NISP). The group
‘Caprinae’ includes the remains
identified at the subfamily level
(Caprinae). Data sourced from
Table 2
Fig. 10 Anatomical distribution of Caprinae: a abundance of anatomical
elements based on MAU/E index; b relative abundance (%MAU) of the
main anatomical regions (the category ‘Appendicular Ext.’ includes
phalanxes and metapodial bones); c frequency of anatomical elements
(counting whole bones) based on MAU/E index. For a detailed method-
ology, see García-García (2019)
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we shall argue further below that most of the individuals may
represent castrated males slaughtered for their meat.
Butchery marks
One of the most interesting aspects of our study is the analysis
of butchery marks inflicted during the quartering and carving
of the animal carcasses.
Focusing again on Caprinae, the number of remains that
present butchery marks is very high (slightly more than two-
thirds) (Table 4 and Fig. 12), suggesting that carcasses were
intensively used. Most are percussion marks, inflicted with a
heavy tool such as a hatchet or cleaver; the number of knife
marks is much lower. The type, position and orientation of the
marks suggest that their aim was to quarter limbs and extract
the bone marrow from long bones—carving marks in the cen-
tral epiphysis are notably absent.
The recording system, including drawing butchery marks
on templates (Fig. 13), illustrates that butcher marks presented
a clearly standardised pattern that, as we shall argue, reflects a
professional meat processing and distribution system.
In summary, the data reflects the intensive use of
specialised tools during butchering. The use of knives to sever
the ligaments that kept the joints together is scarce, with most
butchering marks being related to the use of heavier tools such
as hatchets or cleavers, which were used on the joints as well
as the central diaphysis to cut the limbs into smaller pieces.
The absence of carving marks and the highly standardised
nature of butchery practices must also be emphasised.
Table 3 Estimated slaughter age of Caprinae (OVA+CAH+OVA/CAH)
based on post-cranial epiphysis fusion, reflected in adult bones (A = fused
bones) and juvenile bones (J = non-fused bones) in O’Connor’s (1989a)
age groups
Fusion and age groups Element A J





% juvenile average 2
Middle (1.5–2.5 years) Td 23 1
MPd 3
% juvenile average 4







% juvenile average 23
% average young animals 14
N 194
Fig. 11 Epiphysis fusion curve.
The dots represent fused and
fusing bones in each of
O’Connor’s (1989a) age groups
whereas the figures in brackets
represent the volume of remains
in each category. Data sourced
from Table 3
Table 4 Number and frequency of butchery marks on the remains of
Caprinae, by type and function. The total number of bones (expressed as
NISP) excludes mandibles and teeth. The aggregate number of marks
does not represent the actual number of marks identified since some





Marrow extraction 85 43
Carving
Total post-cranial bones (NISP) 252
Total bones with marks 174 69
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Biometric analysis
Figure 14 presents the measurements (log-ratio) correspond-
ing to height, width and depth in the four assemblages selected
for comparison. As the figures clearly express, the animals
fromCartuja were the tallest (Fig. 14a) by a significant margin
(p ≦ 0.05) (Table 5). The width and depth measurements (Fig.
14b) indicate that the animals from Cartuja are similar to those
from Cercadilla (p ≧ 0.05), but they are significantly (in sta-
tistical terms) more robust than those from Ilbīra and the
Basque Country (p ≦ 0.05).
Although the biometric analysis takes into consider-
ation only those measurements that present less intersex-
ual variation and post-fusion growth, we must explore the
possibility that the results are a consequence of demo-
graphic differences in the various assemblages used for
comparison. Since the differences are especially signifi-
cant in terms of height—suggesting the exploitation of
taller but similarly robust sheep—we decided to focus
on the GLl (height) measurement of the astragalus, which
is the only measurement that is independent of sex, age
and nutrition (Popkin et al. 2012). Although the number
of samples compared is not high (N = 39, which disallows
the statistical analysis of the differences observed), the
GL1 values yielded by the Cartuja astragali are the
highest, as expressed in Fig. 15, which seems to confirm
that the animals exploited in this site were the tallest
among all the examples used for comparison.
Discussion
When situated within i ts historical context , this
zooarchaeological evidence sheds important light on the
transitional period between Nasrid to Castilian rule on the
outskirts of the city of Granada.
The archaeological context indicates that the bone
sample was deposited when the Nasrid structures were
dismantled, very likely in the second quarter of the 16th
century. Both the stratigraphic position of the fill and
the taphonomic features presented by the assemblage
(good preservation of bone surfaces, negligible post-
depositional factors) suggest that the bones were
dumped inside the well not long after the remains were
originally disposed of. Therefore, they plausibly repre-
sent the alimentary habits of a human group dwelling
nearby, probably in the housing unit excavated in the
vicinity, which included a single house, the well and an
agricultural plot (carmen) (García-Contreras et al. 2020).
One illustrative example of this sort of housing unit is
found in a sales contract dealing with a property in the
Aynadamar area in 1480:
The vineyard of al-Basṭī is above the carmen1 de-
scribed in this document, and the surveyors that
examined the well declare that al-Basṭī has dug,
in the vineyard, a gallery for the evacuation of
the water that irrigates his land (Seco de Lucena
1961: 73).
As such, the present study presents a unique opportunity to
explore, from a local perspective and using a relatively novel
approach, the historical dynamics that defined the transition
between an Islamicate medieval society and the new Castilian
order, which, from the late 15th century onwards, was a
Fig. 12 Frequency and
interpretation of butchery marks
in the remains of Caprinae. Data
sourced from Table 4
1 Seco de Lucena translates both terms as ‘vineyard’, but we follow Amalia
Zomeño’s (whom we wish to thank) recommendation to translate the second
term as ‘carmen’.
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Fig. 13 Distribution of butchery marks on the main post-cranial elements represented in the assemblage>
Archaeol Anthropol Sci           (2021) 13:57 Page 13 of 21    57 
crucial historical turning point. By focusing on such a central
human activity as eating, the impact of this cultural transfor-
mation can be examined from two different perspectives,
which will be addressed in order: the production and distribu-
tion of animal products, and the preparation and consumption
of meat products.
Production and distribution
It is important to note that the sample examined here exclu-
sively constitutes Caprinae bones (mostly sheep) and a few
cattle bones, a species composition which sets it apart from the
medieval Iberian bone assemblages analysed to date (García-
García 2019: 632-644; Grau 2015: 122-126, et al. 2016).
Apart from Suidae (pig/boar) (see below), other species com-
mon in the archaeological record at this time include chickens
(generally associated with domestic exploitation) and rabbits
(procured through hunting or trapping). Although their
absence could theoretically be associated with the manual
method of collection used during the excavations, it is argued
here that such possibility should be ruled out since both spe-
cies are commonly found in other excavations that use a sim-
ilar methodology (e.g. García-García, 2019).
The homogeneity of the assemblage being comprised of
mostly sheep is thus remarkable. Previous studies have point-
ed out the direct relationship between the variety of species
represented in an archaeofaunal sample and the level of eco-
nomic centralisation of production and distribution systems. If
meat is supplied through distribution mechanisms typical of
complex and centralised market dynamics, the variety of spe-
cies available tends to be smaller than when production is
largely in the hands of consumers (Crabtree 1990; O’Connor
1989b; Wattenmaker 1987; Zeder 1988).
The data that can be used to analyse production is problem-
atic because it is limited to the fusion of epiphyses. However,
it is clear that most animals in Cartuja were slaughtered at an
Table 5 Statistical comparison of height and width+depth
measurements of post-cranial ovine bones (log-ratio), expressing the p
value of the comparison between Cartuja and madīnat Ilbīra (MI),
Cercadilla (CER) and the Basque Country (BQ); the italicized figures
represent statistically significant differences (p ≦ 0.05)






Post-cranial lengths 0.000 0.000 0.022 0.018
Post-cranial width+depth 0.000 0.000 0.472 0.030
Fig. 14 Boxplots comparing height (a) and combined width and depth measurements (b) of post-cranial sheep bones (log-ratio) in Cartuja, madīnat
Ilbīra, Cercadilla and the Basque Country
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adult age as the presence of osteologically immature (infantile
and juvenile specimens) bones is very low. In this regard, it
must be pointed out that the abundance of immature bones (<
1 year) is generally associated with the nearby presence of
small-scale exploitation and with the natural pattern of mor-
tality related to traditional stock-breeding methods. In con-
trast, the indirect supply of meat products is commonly
reflected in the concentration of bones belonging to a single
age group, normally that which provides the most meat in
relation to processing/grazing investment, as is the case in
Cartuja (deFrance 2009; Gumerman 1997; Zeder 1991)
The sex of these animals is unknown as the slaughter
is mostly of apparently adult individuals, something which
is generally associated with maximising the quantity of meat
obtained, and we hypothesise that most of the bones analysed
belong to castrated males slaughtered for their meat for two
reasons. First, castration tends to retard the fusion of epiphyses
(Davis 2000), and so it is possible that these animals were
slaughtered at a younger age than the epiphysis fusion sug-
gests (probably towards the end of their second year). Second,
castration leads to larger, but not more robust, sheep bones
(Davis 2000; Silberberg and Silberberg 1971), which also
seems to fit with the biometric analysis of our sample and with
its comparison with other assemblages. This is also in line
with the written record, which indicates that castrated mutton
was the most highly valued type of meat in Castile at the
beginning of the Early Modern Age (year 1513, published in
Alonso de Herrera 1996), and that it was common fare in
Castilian markets during this period. This is also reflected in
the measures enacted by the local government of Granada to
guarantee its supply (de Castro 2004; Tristán 2004).
Parameters indicative of primary butchering and anatomi-
cal distribution patterns have also been taking into consider-
ation, for which the here evidence is remarkably
straightforward.
The processing and primary butchering of carcasses was
established based on butchery marks. The frequency, location
and orientation of these marks, especially those inflicted dur-
ing quartering, suggests standardised, systematic and, there-
fore, professional butchering methods to a degree that has no
parallels in medieval Iberian assemblages (García-García
2019; Grau 2015; Morales et al. 2011). Therefore, it is possi-
ble to suggest that primary butchering was not undertaken by
the consumers—in which case, the distribution pattern of
butcher marks would be less uniform and systematic—but
by professional butchers. This is a typically urban pattern
which may be related to the operation of markets and the
centralised production of regular pieces of meat targeted at
different customer groups, as established in the council regu-
lations (Bonachia 1992; de Castro 2004; Espinar and Espinar
2014; Hernández 2006; Marín 1987).
In addition, the anatomical distribution reveals the over-
representation of those sections of the animal that provide
the most meat (middle area of the hind and rear limbs), as
well as the near absence of bones that are generally
discarded during primary butchering (cranial area and dis-
tal ends of limbs [O’Connor 1993]). This indicates that the
rubbish dumped in well E4-2 largely constituted cooking
leftovers, confirming that these remains were not proc-
essed in loco but elsewhere, and that they were only
cooked and consumed nearby.
Based on these observations, it is argued that the assem-
blage represents cooking leftovers and a specialised produc-
tion and distribution system that we may attribute to the oper-
ation of a centralised market system. This is clearly suggested
by the near-exclusive presence of mutton (probably castrated),
a major product in Castilian markets, including Granada,
where young individuals were rare (Bernardos 2003; de
Castro 2004; Hernández 2006; Tristán 2004); the predomi-
nance of meat-rich anatomical areas; and the evidence for
highly standardised and specialised butchering protocols.
Altogether, it seems very unlikely that the assemblage repre-
sents animals kept and produced by the consumers, but rather
meat purchased in the market.
Fig. 15 Boxplot displaying the differences in the GLl measurement (greatest length of the lateral side) of astragali in the four assemblages used for
comparison
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Preparation and consumption
Consideration of the social and cultural implications of this
zooarchaeological assemblage draws out a number of notable
aspects.
First, concerning meat preparation the small number of knife
marks, which are generally associatedwith carving, aswell as the
presence of abundant percussion marks on the central area of
long bones, which aimed to release internal nutrients, point to
practices similar to those ethnographically documented by Burke
(2000) in Lamta, a small Tunisian city, where butchers hit the
central area of the diaphysis ‘in order to release marrow and
produce a richer broth’ (ibid, p. 7). This is also in line with the
aforementioned suggestion that themeatwas primarily processed
by professional butchers; later, the meat pieces would be pre-
pared fresh, along with the bones and vegetables, as sauce-rich
stews and broths, either in open or closed saucepans.
This can be relevantly linked to the commensality practices
suggested by the ceramic repertoire found in association with
the bones, which is constituted by typically late Nasrid shapes
(Villarino 2015; Fig. 6). Especially of note is the presence of
pieces of tableware such as ataifores (Fig. 16) or large
bowls—the most abundant tableware found in Andalusi sites
that was used for collective consumption around a single dish
(Alba and Gutiérrez 2008; Carvajal and Jiménez 2017;
Roselló 1991)—the presence of which decreases significantly
in Granada from the early 16th century onwards, being re-
placed by plates or smaller bowls for individual consumption
(Busto 2013; Busto et al. 2017), which are virtually absent
from this ceramic assemblage (Villarino 2015).
The remarkable presence of ataifores is particularly relevant,
insofar as it suggests the persistent use of the most characteristic
tableware in al-Andalus and thus possibly indicates the Andalusi
ancestry of the human group related to the consumption of these
animal products, inwhich casewe should consider the possibility
that we are dealing with aMorisco group.
There is abundant evidence to support this interpretation. As
pointed out by Espadas (1975: 546), the eating habits of this
social group were frequently criticised by Castilian authorities,
who did not like the persistence of typically Andalusi
commensality practices. Multiple sources mention social groups
of Andalusi origins in relation to communal consumption habits,
eating from a single dish or bowl situated in the middle of the
group, directly on the floor, in the early 16th century (Constable
2013; Framiñán 2005; La Parra 2017).2 In this context, Fray
Fig. 16 Examples of large bowls (ataifores), all of them from trench 24.000 dated between 13th to 15th century
2 This directly points to eating practices in the Islamicate world, as reflected in
the famous hadiz ‘Eat your meals together, and mention the name of Allah
over it, for you will be blessed in it’ (Araz 1996).
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Hernando de Talavera tried to educate (‘domesticarles’ was the
word of choice used by the chronicler) nobleMoriscos to ‘learn
to love Christian habits, sitting on chairs and eating our food’,
while ‘giving the poor […] tables and benches so they did not
have to eat on the floor [thereby], learning our customs’ (year
1639, published in Bermúdez 1989). Over time, communal eat-
ing practices were forbidden by law: the 1554 synod of Guadix
forbade Moriscos ‘from eating in ataifor’ (Asenjo 1994). As
such, the ceramic assemblage found in the site points towards
the communal consumption of food and, therefore, culturally
and socially Islamicate groups.
This interpretation is also in line with the zooarchaeological
analysis, in particular the total absence of remains of Suidae.
The evidence concerning the persistence of Islamicate alimen-
tary habits, specifically in relation to the avoidance of pork
among Moriscos is overwhelming, and is in fact one of the
most reliable indicators of religious ‘deviation’ or crypto-
Muslim (and crypto-Jewish) practices (Campbell 2017;
Echevarría 2017).
Although this interpretation must be treated with a degree
of caution,3 other assemblages suggest that the presence of
Suidae in the Iberian zooarchaeological record can be a good
indicator of the social extraction of past populations and even
ethno-cultural affiliation (García-García 2019).
Figure 17 illustrates the frequency of the main taxa
(Caprinae, cattle and Suidae) in bone assemblages from the
Iberian Peninsula, from both Andalusi and ‘Christian’4 con-
texts, in which the number of bone remains of these species
recovered exceeded 100. Andalusi contexts are clearly domi-
nated by Caprinae; cattle appear in small numbers, and
Suidae in negligible quantities (bottom left corner).
‘Christian’ distributions are much less homogenous and the
different species are much more evenly represented: Suidae
are part of almost every assemblage. One of the only excep-
tions is our site, which appears towards the area of the graph
populated by Andalusi samples.5
As such, both the total absence of remains of pork con-
sumption and the ceramic evidence provide compelling
arguments in favour of this being a typically Andalusi con-
sumption context. Given the historical and archaeological
framework of this horizon, as well as the zooarchaeological
results—particularly the high presence of skeletal elements of
the hind limb and the absence of butchery marks such as those
of porging attributed to Jewish communities [Lisowski
2019])—, it seems plausible that the assemblage reflects the
food habits of a Morisco group.
Conclusions
This paper presented the analysis of an animal bone as-
semblage deposited in all likelihood during the second
quarter in the 16th century on the outskirts of the city
of Granada. It has been possible to broadly characterise
the production, distribution, processing and consumption
patterns of meat products during this period. This sample
is a significant addition to the existing Early Modern
period zooarchaeological corpus in the southern Iberian
Peninsula, and the first example connecting culinary
practices and social identity to be published from post-
conquest Granada that can be convincingly connected
with a Morisco community.
The results of the zooarchaeological analysis are in
line with those of the ceramics. Both suggest that the
human group responsible for the deposit followed typi-
cally Islamicate customs. The tableware attested—which
is characteristic of communal commensality practices—
and the total absence of pork remains from the bone
assemblage seem to point to eating habits rooted in the
Andalusi milieu that preceded the Castilian conquest of
the Nasrid Kingdom of Granada in 1492. In this regard,
and considering the historical context, it is reasonable to
suggest that the remains correspond to a Morisco group,
the autochthonous population forced to convert to
Christianity from 1502 onwards.
Along with these features that can be regarded as evidence
of continuity in cultural practices, other elements depart from
the typical features displayed by other Andalusi assemblages.
Specifically, the Cartuja sample presents evidence of
centralised processing and distribution of meat products: the
predominance of probably male rams (likely castrated),
slaughtered for their meat, and subject to highly standardised
butchering practices. This corresponds to the mercantile and
urban supply practices that emerged after the Castilian con-
quest of Granada (de Castro 2001, 2004).
In conclusion, these results suggest both cultural
continuities—housing, typically Andalusi tableware and
avoidance of pork—and economic innovations, represented
by the centralised food-supply model established by the local
council (the political representatives of the Castilian Crown).
These continuities and innovations can only be understood in
3 We do not suggest that Suidae remains can be used to unequivocally identify
the identity of consumer groups. In fact, it is worth pointing out that one of the
most common pork products consumed in Christian (but not in Andalusi)
medieval and Early Modern Iberia is pork fat (Kissane 2018), an enduring
product that leaves little trace in archaeological contexts.
4 Although the term is ambiguous and too general, we use ‘Christian’ to refer
to non-Islamicate Andalusi contexts of Late Antique, medieval and Early
Modern chronology. However, we leave the term in quotation marks in order
to respond to Manzano’s (1994) criticism of Acién (1997; 1st ed. 1994) for
using a superstructural element such as religion to refer to a social formation.
5 Three sites present a similar taxonomic composition: the Late Antique sites of
Reccopolis (Olmo et al. 2019) and El Pelícano-1 (Yravedra 2008, quotation in
Estaca et al. 2018), as well as a rubbish dump formed during the 15th century in
Castil de los Judíos,Molina deAragón (García-García et al. forthcoming). In our
opinion, the taxonomic interpretation of the first two examples calls for the
reassessment of the social context of reference, and the third suggests the sur-
vival of typically Jewish eating habits (the site was occupied by a Jewish com-
munity until the late 14th or the early 15th century) (Arenas 2017).
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relation to the historical context and the period of transition
that, in the aftermath of the conquest, resulted in the interac-
tion of two societies linked by asymmetric power relations.
This process, articulated around the ‘Castilianisation’ and
‘Christianisation’ of an Islamicate substratum, caused several
tensions regarding various social practices, including eating.
Ultimately, these tensions led to the expulsion of the Morisco
groups from the Iberian Peninsula between 1609 and 1613.
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